IN the course of a study of the behaviour in vitro of cells from an ascites epithelioma of the mouse, it was noticed that the cells could aggregate into sheets of varying stability. This paper describes the phenomenon and some of the factors by which it is influenced.
MATERIALS AND METHODS
The cells to be described are from one of several ascites lines derived by deliberate selection from a murine epithelioma. This tumour arose on the back of an untreated male C/57 black mouse 2-years old. It has been maintained since 1955 by serial grafting in mice of that strain to which it is specific. It is designated "Epithelioma 255 "; the details of its changing histology following different selective grafting procedures will be described elsewhere by one of us (DT) . The ascites line concerned in this account is designated "B1 ". All ascites lines are maintained by serial intraperitoneal passage of peritoneal exudate diluted in phosphate saline to a degree depending on a rough visual estimate of cellularity, usually between 1 in 3 and 1 in 20. Mice bearing the ascites line B1 show evidence of peritoneal exudate at from 10 to 14 days after inoculation. They have been killed to yield cells for study at times after inoculation ranging from 10 to 38 days, but usually at about 18 days. Typically at this time there is one to 3 ml. of exudate containing about 105 cells per cu. mm. and an amount of blood estimated visually at between 5 and 25 per cent of the volume. Solid tumour is present as a craggy mass about 20 x 5 mm. in the lesser omentum and around the pancreas, as multiple nodules in the mesentery and as a thin sheet on the parietal peritoneum. There are multiple minute secondary deposits and haemorrhages in the lungs. Mice killed earlier show less ascites often with less blood and less solid growth; at 10 or 14 days there are usually haemorrhages in the lungs but only microscopic metastases. Mice surviving beyond about 18 days often accumulate up to 7 or 8 ml. of ascites and much more solid growth, while the lungs are grey and rigidly consolidated with secondary tumour. Lung haemorrhages tend to be less severe in long survivors.
Cells for observation are taken from a mouse killed with coal gas a few minutes previously and kept warm, by aspiration into a pre-warmed siliconed syringe of medium. A secondary dilution to a final degree of about 1 in 250 is made in the same medium, which consists of Hanks' saline with 16 per cent of calf serum, 
RESULTS
In such cultures no constant differences in behaviour have been found between cells of the BI1 subline taken from mice at different times after inoculation within the range of 10 to 38 days. The cells are at first spherical, floating singly or in small clumps or strings of from 2 to a dozen cells. They attach themselves to the glass, showing fine spiky projections of cytoplasm, often within half-an-hour of removal from the mouse. They then begin to spread out, but not simultaneously; after 12 to 24 hours in culture most of them have assumed a flattened form and are moving about actively on the glass surface, from time to time becoming spherical again and dividing. The behaviour of these cells during division has been described by Roberts and Trevan (1960b) . The flattened cells vary in shape. Some are discs, entirely surrounded by an actively amoeboid ruffled border. Others are unipolar, bipolar or multipolar, with areas of active ruffled border separated by smooth more refractile quiescent regions. The ruffled areas form pseudopodia and a cell tends to move in the direction of its most active pseudopodium.
When the pseudopodia of two cells meet, they do not usually both remain apposed and active. In many instances the ruffled border of one of the cells becomes inactive, smooth and refractile along the line of apposition. It then withdraws followed by the active border of the other cell, and may even become deeply concave with the ruffled border of the other cell within the concavity. In other cases first the ruffled border of one cell and then that of the other will alternately become inactive along the line of apposition, and this alternation of inactivity may be repeated several times. In the event of two ruffled borders coming into apposition and both remaining active, one of the cells moves laterally until it reaches an inactive part of the border of the other cell.
Cells in the spherical form do not cohere at any time in the life of the culture, except that, as already mentioned, the free-floating cells fresh from the peritoneal cavity are found in clumps. When these first attach themselves to the glass they separate as they spread out, and migrate apart; evidently they adhere more strongly to the glass than to each other at this stage. They form loose aggregates, in which they behave as described in the previous paragraph, without cohering and without migrating over one another, so that a monolayer is maintained. This we have called a "sliding sheet": at a single glance, or in a fixed and stained preparation, it might seem that the cells are cohering, but cinematography shows that this is not so.
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If, however, the culture medium is not renewed, the cells in such aggregates form increasingly lasting attachments to each other during the next 12 to 30 hours, so that a culture between 40 and 60 hours old in which there has been no change of medium contains many areas in which cells that are still flattened on the glass now cohere, still as a monolayer, resembling normal epithelium. Here and there among the cells can sometimes be seen fine intercellular strands like those between normal prickle cells. Only the cells at the edge of the pavement still show active movements of their free borders, and there is a general diminution of motility, in spite of which a small sheet may move across the glass as a whole in a manner that demonstrates the firmness of the attachments between its members. A sheet increases in extent by the attachment of more cells migrating to it on the glass, and by cell division, which continues for at least 15 hours after the formation of such fixed sheets. If a change of medium is still withheld, the activity at the edges of the sheet gradually lessens until none can be seen. Ultimately the cells shrink, fall apart and die. A minority of the cells in the population never adhere to a fixed sheet when they meet it; many of these are the giant, often multinuclear, cells produced by aberrations of division (Roberts and Trevan, 1960b) . We have a film sequence that shows a stable sheet being formed as a result of several successive divisions in an initially small group of cells in contact. The daughter cells from each division adhered firmly and promptly to their neighbours in the sheet; nearby were several larger very actively amoeboid tumour cells that adhered neither to each other nor to the growing sheet.
If the culture fluid is removed and replaced with fresh medium after the formation of fixed cell-sheets and before the death of the culture there is an immediate renewal of amoeboid activity and the adhesions between cells in the sheet break. The cells form a sliding sheet or migrate apart; if division has ceased it begins again. As time goes on, however, adhesions again form between cells and unite them in stable sheets. This happens more rapidly than it did in the fresh culture, i.e., in about 10 as against 30 hours; the culture is now more crowded than it was when fresh, and the more crowded a fresh culture is the more quickly stable sheets are formed. A stable sheet re-formed after feeding the culture usually breaks up again at the next feed, but less completely, and it re-forms even more quickly than before. If the medium is renewed every day, stable sheet formation may be postponed at least until the point when the culture becomes so crowded that many cells die in spite of the frequent changes of medium. Cells in contact remain in sliding sheets throughout.
On three occasions stable sheets have been subjected to the replacement of the culture fluid with medium from which the glucose has been omitted. The sheets remained stable and adhesions between the cells did not break.
DISCUSSION
When the cells of this ascites tumour derived from a well differentiated murine epithelioma are maintained in culture on a glass surface in a good state of nutrition they flatten, adhere to the glass, and migrate upon it. When they meet they slide around but not over one another, remaining in a monolayer, but they do not cohere. When pseudopodia of two cells meet, one of the pseudopodia may inhibit the activity of the other, as though it were "dominant ". Such dominance" is however often repeatedly reversed. This behaviour is not contact inhibition, described by Abercrombie and Heaysman (1954) Weiss and Taylor, in that "they retain contact along a broad front" without cohering.
The " dominance" of one pseudopodium over another might be explained in the following way. A cell puts out a pseudopodium by virtue of its contact with, and adherence to, the substrate. The advancing edges of opposed pseudopodia are thin and sharp; when they meet either edge may undercut the other and loosen it from the substrate so that it retracts elastically and progressively fromn the edge inwards. Further advance of the undercutting pseudopodium detaches more of the other from the substrate; if this advance ceases the undercut cell margin has an opportunity to spread out again and may undercut the other cell in turn. It may be a matter of chance which pseudopodium first undercuts the other. Once a cell border is undercut it becomes blunter and is thus less likely to undercut the other cell border until it can spread out again: found that cells of a murine mammary tumour reduced to a single-cell suspension with trypsin would re-aggregate into a structure resembling that of the tumour in vivo, when cultivated on glass or on a plasma clot. The sheets formed by Epithelioma 255 cells might be considered as analogous attempts at reconstruction, indeed, they show intercellular bridges which give them an at least superficial resemblance to prickle cells. The dependence upon nutrition in vitro of this apparent differentiation of the ascites form of Epithelioma 255 is of interest in that further study of the factors involved may throw some light on the mechanisms whereby the cells of a malignant tumour in vivo may vary in invasiveness or remain dormant for long periods.
SUMMARY
Cells of a murine ascites epithelioma when cultured on a glass surface in a medium consisting of calf serum, lactalbumin hydrolysate, salts, bicarbonate, and glucose adhere to the glass and move about on it. When two cells meet one may inhibit the pseudopodial activity of the other, but they do not cohere at this stage; at a later stage, if the culture medium is not renewed, adhesions are formed between cells which eventually unite them into stable sheets resembling normal epithelium. Cells in these sheets may be connected by intercellular bridges like those between prickle cells. The sheets grow by accretion and by division of the cells in them. This behaviour is likened to the reconstruction of normal tissues and of tumours from dissociated cells in culture that has been observed by other workers.
The formation of stable sheets may be prevented or reversed by renewing the culture medium, and there is a little evidence that the medium must contain glucose in order to do this. The dependence of apparent differentiation upon environmental factors, possibly nutritional, justifies further study in an attempt to elucidate some of the mechanisms responsible for the variation in invasiveness of tumours in vivo.
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